A phoslactomycin-producing actinomycete, designated strain NEAU-ML8 T , was isolated from a millipede (Kronopolites svenhedind Verhoeff) and characterized using a polyphasic approach. 16S rRNA gene sequence analysis showed that strain NEAU-ML8
The genus Streptomyces was initially introduced by Waksman & Henrici (1943) and the description was emended subsequently by Witt & Stackebrandt (1990) and Wellington et al. (1992) . Members of the genus Streptomyces have attracted great attention because of their ability to produce various natural products of significant importance (B erdy, 2005; Hong et al., 2009) . At the time of writing, the genus comprises nearly 800 species with validly published names (http://www. bacterio.net/streptomyces.html). As part of a programme to research the diversity of symbiotic actinomycetes in millipedes (Kronopolites svenhedind Verhoeff) and to discover novel actinomycetes and novel natural products, we have identified two novel species of the genus Rhodococcus and Streptosporangium, respectively Ma et al., 2015) . Here, we performed a polyphasic taxonomi study on another strain with strong antifungal activity, designated strain NEAU-ML8 T , and propose that this strain represents a novel species of the genus Streptomyces. By the bioactivity-guided isolation methods, we found that the strain could produce phoslactomycins, which are potential antifungal agents.
Strain NEAU-ML8
T was isolated from a millipede (K. svenhedind) collected from Fenghuang Mountain in Wuchang, Heilongjiang Province, northern China (42 21¢N 127 99¢E) . The millipede sample was surface-disinfected in 70 % ethanol for 60 s and then washed times in sterile distilled water. The surface-disinfected millipede was dissected, followed by immersion in 500 µl sterile water and shaken on a rotary shaker at 250 r.p.m. at 28 C for 30 min. A 200 µl aliquot of the suspension was spread on a plate of Gause's †These authors contributed equally to this work. synthetic agar no. 1 (Atlas, 1993) supplemented with cycloheximide (50 mg l À1 ) and nalidixic acid (20 mg l
À1
), then incubated aerobically at 28 C for 21 days. The strain was transferred and purified on oatmeal agar (ISP 3) (Shirling & Gottlieb, 1966) and maintained as a glycerol suspension (20 %, v/v) 
Extraction of chromosomal DNA and PCR amplification of the 16S rRNA gene sequence was carried out according to the procedure developed by Kim et al. (2000) . The PCR product was purified and cloned into the vector pMD19-T (Takara) and sequenced using an Applied Biosystems DNA sequencer (model 3730XL). The almost full-length 16S rRNA gene of strain NEAU-ML8 T (1523 bp) was obtained and aligned with multiple sequences obtained from the GenBank/EMBL/DDBJ databases using CLUSTAL X 1.83 software. Phylogenetic trees were generated with the maximum-likelihood (Felsenstein, 1981) and neighbour-joining (Saitou & Nei, 1987 ) algorithms using molecular evolutionary genetics analysis (MEGA) software version 6.06 (Tamura et al., 2013) . The stability of the topology of the phylogenetic tree was assessed using the bootstrap method with 1000 repetitions (Felsenstein, 1985) . A distance matrix was generated using Kimura's two-parameter model (Kimura, 1980) . All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). 16S rRNA gene sequence similarities between strains were calculated on the basis of pairwise alignment using the EzTaxon-e server (Kim et al., 2012b) . The G+C contents of the genomic DNA were determined using the thermal denaturation (T m ) method (Mandel & Marmur, 1968) with Escherichia coli JM109 DNA used as the control. DNA-DNA relatedness tests were carried out as described by De Ley et al. (1970) with the modifications described by Huss et al. (1983) , using a model Cary 100 bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). The DNA samples used for hybridization were diluted to an OD 260 of around 1.0 using 0.1Â SSC (saline sodium citrate buffer), then sheared using a JY92-II ultrasonic cell disruptor (ultrasonic time 3 s, interval time 4 s, 90 times). The DNA renaturation rates were determined in 2Â SSC at 70 C. The experiments were performed with three replications and the DNA-DNA relatedness value was expressed as a mean value.
Based on analysis using EzTaxon-e, strain NEAU-ML8 T should be classified the genus Streptomyces and was most closely to Streptomyces lydicus NBRC 13058 T (99.39 % 16S rRNA gene sequence similarity) and Streptomyces chattanoogensis DSM 40002 T (99.25 %). equence similarities between strain NEAU-ML8
T and other type strains of the genus Streptomyces were lower than 99.0 %. Phylogenetic analysis based on the 16S rRNA gene sequences indicated that strain NEAU-ML8
T formed a stable clade with S. lydicus NBRC 13058 T and S. chattanoogensis DSM 40002 T in the maximum-likelihood tree ( Fig. 1) . The relationship was also supported by the neighbour-joining algorithm (Fig. S1 , available in the online Supplementary Material). DNA-DNA hybridization was to further clarify the relatedness between strain NEAU-ML8 T and S. lydicus NBRC 13058 T and S. chattanoogensis DSM 40002
T . The DNA-DNA reassociation values were 34.1 ±1.2 and 41.3±1.1 %, respectively, which are well below the 70 % cut-off point recommended for assigning bacterial strains to the same genomic species (Wayne et al., 1987) . The G+C content of the genomic DNA of strain NEAU-ML8 T was 74.9±0.4 mol%.
Morphological characteristics were observed by light microscopy (Nikon ECLIPSE E200) and scanning electron microscopy (Hitachi S-3400N) using cultures grown on ISP 3 medium at 28 C for 4 weeks. Spore motility was assessed by light microscopic (Nikon ECLIPSE E200) observation of cells suspended in phosphate buffer (pH 7.0, 1 mM). Cultural characteristics were determined after 4 weeks at 28 C using tryptone-yeast extract agar (ISP 1), yeast extract-malt extract agar (ISP 2), ISP 3, inorganic salt-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract iron agar (ISP 6), tyrosine agar (ISP 7), nutrient agar, modified Bennett's agar and Czapek's agar (Shirling & Gottlieb, 1966; Jones, 1949; Waksman, 1967) . The ISCC-NBS colour charts were used to determine the designations of colony colours (Kelly, 1964) . The utilization of sole carbon and nitrogen sources (0.5 %, w/v), decomposition of cellulose, hydrolysis of starch and aesculin, reduction of nitrate, peptonization and coagulation of milk, liquefaction of gelatin and production of H 2 S were examined as described previously (Gordon et al., 1974; Yokota et al., 1993) . Production of esterase and urease were tested as described by Smibert & Krieg (1994) . Growth at different temperatures (4, 10, 12, 15, 18, 20, 28, 37, 38 and 40 C) was determined on ISP 3 agar after incubation for 2 weeks. The tpH range (pH 4-11, at intervals of 1 pH units), using the buffer system described by Xie et al. (2012) , and NaCl tolerance range (0-12 %, with an interval of 1 %, w/v) for growth were determined after 2 weeks of growth in ISP 2 broth in shake flasks (250 r. p.m.) at 28 C.
Morphological observation of a 4-week-old culture of strain NEAU-ML8 T grow on ISP 3 medium revealed that it ha the typical characteristics of members of the genus Streptomyces (K€ ampfer, 2012). Aerial and substrate mycelia were well developed without fragmentation. Spiral spore chains were observed (Fig. S2) , and spores were smooth and nonmotile. Good growth was observed on all tested media. The colour of the aerial mycelium varied from white to light olive grey, and that of the substrate mycelium varied from pale yellow to strong yellow (Fig. S3) . No diffusible pigments or melanin were observed on any of the tested media. The significant colour variations of aerial and substrate mycelium and production of diffusible pigments on different media are listed in Table S1 , which shows some morphological differences between this strain, S. lydicus NBRC 13058 T and S. chattanoogensis DSM 40002 T . Strain NEAU-ML8 T grew at a temperature range of 12-38 C (optimum temperature 28 C), pH 5-8 (optimum pH 7) and NaCl concentrations of 0-10 % (w/v). Hydrolysis of starch, and peptonization and coagulation of milk were positive, while production of urease and H 2 S and hydrolysis of aesculin were negative, which could also be used to differentiate strain NEAU-ML8
T from S. lydicus NBRC 13058 T and S. chattanoogensis DSM 40002
T . Most notably, strain NEAU-ML8 T could be distinguished readily from the two related type strains on the basis of NaCl tolerance. Other physiological and biochemical characteristics of strain NEAU-ML8 T compared with S. lydicus NBRC 13058 T and S. chattanoogensis DSM 40002 T are listed in Table 1 .
Biomass for chemical studies was prepared by growing strain NEAU-ML8 T in ISP 2 broth in shake flasks at 28 C for 5 days. Cells were harvested by centrifugation, washed with distilled water and freeze-dried. The isomers of diaminopimelic acid (DAP) in the cell wall were derivatized according to McKerrow et al. (2000) and analyed by HPLC using an Agilent TC-C18 column (250Â4.6 mm, i.d. 5 µm). The whole-cell sugars were analyed according to the procedures developed by Lechevalier et al. (1970) . Phospholipids in cells were examined by two-dimensional TLC and identified using the method of Minnikin et al. (1984) . Menaquinones were extracted from freeze-dried biomass and purified according to Collins (1985) and analyed by an HPLC-UV method as described previously (Wu et al., 1989) . To determine cellular fatty acid compositions, strain NEAU-ML8 T was cultivated in ISP 2 broth for 5 days in shake flasks at 28 C. Fatty acid methyl esters were extracted from the biomass as described by Gao et al. (2014) and analyed by GC-MS using the method of Xiang et al. (2011) .
Chemotaxonomic analyses revealed that strain NEAU-ML8
T exhibited characteristics which are typical of members of the genus Streptomyces. It contained LL-as the cell-wall diamino acid and whole-cell sugars included glucose and ribose. The phospholipid profile consisted of diphosphatidylglycerol,phosphatidylmethylethanolamine, phosphatidylethanolamine, phosphatidylinositol mannoside and an unidentified phospholipid (phospholipid type II; Lechevalier et al., 1970) (Fig. S4) . The menaquinones detected were MK-9(H 6 ) (52.2 %), MK-9(H 8 ) (27.2 %), MK-9(H 4 ) (15.4 %) and MK-9(H 2 ) (5.2 %). The major cellular fatty acids (>10 %) were anteiso-C 15 : 0 (18.6 %), iso-C 16 : 0 (17.7 %), C 16 : 0 (15.0 %) and C 15 : 0 (10.4 %); minor amounts of anteiso-C 17 : 0 (9.0 %), C 17 : 0 (6.4 %), iso-C 14 : 0 (6.1 %), C 18 : 0 (6.1 %), C 15 : 0 2-OH (3.6 %), C 17 : 1 !7с (2.3 %), C 17 : 0 cyclo (2.2 %), C 16 : 1 !7с (1.0 %), C 16 : 1 !9с (0.9 %) and C 14 : 0 (0.7 %) were also present.
In conclusion, it is evident from the genotypic and phenotypic data that strain NEAU-ML8
T represents a novel species of the genus Streptomyces, for which the name Streptomyces kronopolitis sp. nov. is proposed.
Description of Streptomyces kronopolitis sp. nov.
Streptomyces kronopolitis (kro.no.po.li¢tis. N.L. gen. masc. n. kronopolitis a generic name of an insect, referring to the isolation of the type strain from Kronopolites svenhedind Verhoeff). Streptomyces kronopolitis sp. nov.
Fenghuang Mountain (Wuchang, Heilongjiang Province, northern China). The G+C content of the DNA of the type strain is 74.9 mol%.
